The ATP production (oxidative phosphorylation) involves five complexes embedded in the inner membrane of mitochondria. The yeast Saccharomyces cerevisiae is mainly used as a model for the study of oxidative phosphorylation; mutants are easy to produce and are still viable due to their ability to grow using the fermentation pathway. Here we present a process for analyzing mitochondrial respiratory complexes using native electrophoresis (BN-PAGE) coupled to LC-MS/MS. BN-PAGE (i) permits the separation of functional respiratory complexes, thus allowing in-gel activity detection of most of the respiratory complexes and (ii) provides convenient samples for bottom-up proteomics. Combining BN-PAGE and LC-MS/MS leads to the identification of the subunit composition of membrane complexes and offers the possibility to highlight potential interacting proteins.
Introduction
The assembly of membrane oligomeric complexes is a difficult process to study by classical proteomic techniques, because of the physico-chemical characteristics of their subunits of which many display one or more transmembrane segments. These membrane complexes control essential biological processes such as energy transduction. In particular, mitochondrial oxidative phosphorylation, which produces ATP, the energy source of the cell, involves five respiratory complexes called also OXPHOS that are inserted in the inner mitochondrial membrane. In mammals, the complexes I (NADH dehydrogenase), II (Succinate dehydrogenase), III (Cytochrome bc1), IV (cytochrome c oxidase) and V (ATP synthase) are formed of 48, 4, 10, 11 and 17 subunits respectively, with many intrinsic membrane proteins. At the moment, we have a reasonable understanding of the structure and mechanism of action of these complexes (see 1 for review) but the way they are assembled is not completely understood. In man, defects in this process are responsible for many neuromuscular or generalized syndrome diseases (2) . With the exception of complex I, the respiratory complexes are conserved from Saccharomyces cerevisiae to man. The yeast Saccharomyces cerevisiae is thus an obvious choice for the study of the respiratory complexes because this organism can survive to a total respiratory deficiency, growing by fermentation. Previous studies have shown that the lack of one subunit often leads to the degradation of several other subunits of the same complex and induces the accumulation of assembly intermediates (3) . The complexes also interact with each other, forming larger complexes associations called "supercomplexes" (4) that can be disrupted in mutants. Here we present a strategy for the analysis of the complexes and supercomplexes of membrane proteins. The first step is a Blue Native-Polyacrylamide Gel Electrophoresis (BN-PAGE) that separates the complexes and the supercomplexes under native conditions (5) . This technique gives an image of the assembly state of the different complexes and reveals the assembly intermediates (called sub-complexes) in mutants. Their composition was usually determined using two-dimensional BN/SDS gel electrophoresis in combination with western blot (6), a difficult and incomplete approach because of the absence of some specific antibodies.
We and others have shown that the tandem mass spectrometry LC-MS/MS is well adapted to the identification of mitochondrial proteins (7-10) including membrane proteins (11, 12) . In this chapter, we present a strategy that combines one dimension BN-PAGE of mitochondrial proteins and LC/MS-MS. The complexes are stained by colloidal blue or revealed by in-gel activities, and the corresponding bands are cut and digested with trypsin or proteinase K. The peptides are then analyzed by nano-LC-MS/MS. This approach has been successfully applied in several studies on mitochondrial proteins (13, 14 and 15) . Here we present the process we used to identify the composition of respiratory complexes II, III, IV and V in wild type strain and in one complex III mutant. It allows a rapid identification of most of the respiratory subunits present in the various complexes or supercomplexes and in assembly intermediates that accumulate in the mutant. Interestingly, we show that partial trypsin digestion and cyanogen bromide treatment improve significantly the peptide coverage of hydrophobic proteins and that 2D-LC-MS/MS allows a significant increase in the number of identified peptides versus 1D-LC-MS/MS. 2. Incubate the sample 30 min at 25°C. 3. Centrifuge the sample at 13000 g at 4°C during 15 min. Discard the supernatant. 4. Resuspend the pellet of mitochondria in gel buffer (x3) containing either 2% laurylmaltoside (w/v) or 2% digitonin (w/v) and incubate at 4°C during 30 min. 5. Centrifuge the sample at 100 000 g at 4°C during 30 min. Throw the pellet. 6. Add BN sample buffer in the supernatant in order to have a final concentration of 0.25% of Serva Blue G250. 7. Apply samples to the BN-PAGE or store them at -20°C before loading.
Preparation of BN-PAGE
1. Prepare a 5%-10% acrylamide gradient resolving gel in a 8 cm x 6.5 cm x 0.10 cm gel cassette. 2. Gels are polymerized at room temperature. After casting the gradient gel, the stacking gel is poured just after or one day after. In this latter case, the gradient gel is overlaid by water and wrapped to avoid desiccation, and kept at 4°C for one day maximum. 
In gel activities
Part of the gel is used to detect in gel activities as follow (see Fig.1 ):
1. Cytochrome c oxidase activity (Cox): The gel is incubated in the reaction solution for 1 hour at room temperature. Then the reaction solution is discarded and substituted by water. The bands displaying cytochrome c oxidase activity appear brown-colored as the oxidized diaminobenzidine precipitates (see Fig.3 ). (see Note 6). 2. ATPase activity: Incubate the gel for 1 H to 2 H with 25 mL of pre-incubation solution and then overnight at room temperature with 25 mL of the incubation solution. The inorganic phosphate obtained by the hydrolysis of ATP forms a white precipitate (see Fig.3 ).
Another part of the gel is used to stain the protein complexes with colloidal blue and the corresponding bands are taken for digestion and mass spectrometry analysis (see Fig. 1 (4) For each band, the number of identified subunits is indicated and the number of the corresponding spectra is specified in brackets. The complexes detected with in gel activity (see Fig. 1 ) are indicated in bold. As a reminder, the total number of subunits for each complex is: DHase, 3; SDHase, 4; bc1, 10; Cox, 11 and ATPase, 17. Band 7 contains also P19882 (HSP60), identified with more than 100 spectra.
